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However, the effects of cholesterol-lowering treatment in blacks have not been examined, either in single trials or in meta-analyses.
The ALLHAT included a lipid lowering trial (LLT) designed to evaluate the impact of treatment with an HMG coenzyme A reductase inhibitor (pravastatin) on allcause mortality (primary end point) in a hypertensive cohort with other CHD risk factors. Coronary heart disease was a prespecified secondary end point. A substantial proportion of the participants was black (38%), a group that has been underrepresented in previous studies. The intervention group received pravastatin and the comparison group received usual care from their personal physicians rather than a placebo. We have previously reported 2 that ALLHAT-LLT did not show a significant reduction in either cardiovascular events or mortality, in contrast to other large statin trials. One potential explanation for these findings was diminished power and a smaller than expected reduction in cholesterol resulting from treatment crossovers. In particular, a large proportion of participants in the usual care group (nearly 20% at year 4) began lipid-lowering therapy.
However, these analyses suggested a significant (P = .03) race-treatment group interaction for CHD in the ALLHAT-LLT. 2 Blacks had a significant 27% lower risk of CHD events in the pravastatin group, whereas non-black subjects had no benefit from pravastatin ( Figure 1 ). Because previous analyses did not adjust for potential confounders of the relationship between race and treatment effects, in this article, we explore whether the apparent racial differences in CHD incidence in ALLHAT are explained by differences in baseline risk factors, adherence during the trial, or achieved BP and lipid lowering.
Methods
The ALLHAT-LLT was a randomized and nonblinded large simple trial with participants assigned to either open-label pravastatin (40 mg/d) or usual care (UC). 2, 3 ALLHAT was funded by the National Heart, Lung, and Blood Institute, with study medications supplied by Pfizer, Inc (New York, NY, USA) (amlodipine and doxazosin), AstraZeneca (London, UK) (atenolol and lisinopril), and Bristol-Myers Squibb (New York, NY, USA) (pravastatin), and additional financial support provided by Pfizer, Inc. The authors are solely responsible for the design and conduct of this study, all study analyses, and the drafting and editing of the paper and its final contents.
Total cholesterol was measured at baseline and at the 2-, 4-, and 6-year annual visits. A fasting lipid profile was obtained at baseline in all participants and in a randomly selected 5% sample of UC and in a 10% sample of pravastatin participants. The primary outcome for the LLT was all-cause mortality. Coronary heart disease defined as a composite of fatal CHD or nonfatal MI was a prespecified secondary outcome.
Baseline characteristics were compared using analysis of variance for continuous variables and contingency table analyses for categorical data. Data were analyzed according to participants' randomized treatment assignments (ie, intention-to-treat analysis). Six-year cumulative event rates were calculated using the Kaplan-Meier procedure. 4 Cox proportional hazards models were used to obtain hazard ratios (HRs) and 95% CIs for time-toevent outcomes and included the participant's entire trial experience. The proportional hazards assumption was Coronary heart disease event rate by race and lipid treatment group. Blacks in the pravastatin group (black line) had a significantly lower risk of CHD events compared to non-black subjects in the pravastatin group (blue line) and both blacks (green line) and non-blacks (red line) in the usual care group.
examined by using log-log plots and testing a treatment-by-time interaction term 4 and was not violated for the outcomes considered here. To adjust for BP and cholesterol differences over time between treatment groups, Cox proportional hazards models with systolic BP (SBP), diastolic BP (DBP), and total cholesterol values as time-varying covariates were used. 5 Stata version 10 (Stata Corp, College Station, TX) was used for all analyses.
Results

Baseline characteristics
The baseline characteristics of the 10,355 ALLHAT-LLT participants, by treatment group and race, are shown in Table I . Overall, the mean age was 66 years, nearly half of the participants were women, and 38% were black. About 10% of the black participants had Hispanic ethnicity, and The LDL cholesterol values were calculated using the Friedewald formula. BMI, Body mass index. ⁎ Most comparisons across the 4 groups formed by race and treatment are significant because of difference between black and non-black participants. The following are the only comparisons with P N .05: antihypertensive medicate use, smoking, baseline antihypertensive drug use, antihypertensive randomization, SBP, serum cholesterol with or without evidence of CHD, and LDL b130 with no evidence of CHD. † There are incomplete data for years of education (data missing on 524), cigarette smoking (1,783), fasting glucose (2,284), lipids with history of CHD (13), and lipids without history of CHD (69). ‡ For total cholesterol, LDL and HDL (mg/dL) × 0.0259 = mmol/L. For triglycerides (mg/dL) × 0.0113 = mmol/L. § The antihypertensive trial randomization for chlorthalidone, amlodipine, lisinopril, and doxazosin was in a ratio of 1.7:1:1:1.
about 31% of non-blacks were Hispanic. In both blacks and non-blacks, baseline characteristics in the pravastatin and UC groups were similar. Comparisons across the 4 nonrandomized groups formed by race and treatment were generally significant due to differences between black and non-black participants. The following are the only comparisons with P N .05: baseline antihypertensive drug use, smoking, SBP, total cholesterol both for participants with and without CHD at baseline, and treatment assignment in the ALLHAT antihypertensive trial. Compared to non-black participants, black participants were more likely to be female, were slightly younger, and had fewer years of education. They were less likely to be treated with estrogen or aspirin, less likely to have a previous history of CHD, more likely to have diabetes, and had higher body mass index. Blacks also had higher fasting glucose, higher high-density lipoprotein (HDL), and lower triglyceride (TG) levels.
Visit and medication adherence
More than 85% of expected study visits were attended by black and non-black participants in both the pravastatin and UC groups at all follow-up time points. In the pravastatin group, similarly high proportions of blacks and non-blacks reported taking statins throughout the study period, falling from 88% to 89% in year 2 to 82% to 84% in follow-up year 6 ( Figure 2) . Use of nonstudy statins and other lipid-lowering drugs was low. Both black and non-black participants in the UC group were increasingly likely to be treated with statins as follow-up progressed (at years 2, 4, and 6, respectively; 6%, 12%, and 20% of blacks vs 9%, 20%, and 31% of non-blacks).
Lipid levels
Changes in total and LDL cholesterol levels for blacks and non-blacks during the trial are shown in Figure 3 . At baseline, the total cholesterol levels of blacks and nonblacks were similar (approximately 223-224 mg/dL), but the LDL level in blacks was about 3 mg/dL higher than in non-blacks (147 vs 144 mg/dL). After 2 years of follow-up, the total cholesterol level in blacks in the pravastatin group had decreased by 34 mg/dL, whereas in non-blacks it had decreased by 35 mg/dL. In the UC group, total cholesterol level had declined by about 9 mg/dL in blacks and 10 mg/ dL in non-blacks. The resultant absolute difference in the percentage change from baseline in total cholesterol between the pravastatin and UC group was thus just N11% for both blacks and non-blacks at year 2 ( Figure 3, A) . At year 4, total cholesterol levels continued to decline in all groups, with the total cholesterol differences between the pravastatin and UC group narrowing slightly to about 10%. By year 6, the total cholesterol lowering in the pravastatin group was 44 mg/dL for blacks and 47 mg/dL for nonblacks, whereas in the UC group it was 22 mg/dL for blacks Percentage on statin by race and lipid treatment group. In the pravastatin group, high proportions of blacks and non-blacks reported taking statins throughout the study period. In the usual care group, statin use increased progressively but increased more in non-blacks than in blacks. A, Total cholesterol by race and lipid treatment group. Total cholesterol declined about 11% more in the pravastatin group compared to the usual care group for both blacks and non-blacks at year 2. At year 4, total cholesterol levels continued to decline in all groups, with the total cholesterol differences between the pravastatin and usual care group narrowing slightly to about 10%. By year 6, as a result of greater cholesterol lowering in the non-blacks in the usual care group, the total cholesterol difference between the pravastatin and usual care groups was 10% for blacks and 8% for non-blacks. B, LDL cholesterol by race and lipid treatment group. The difference in the percentage change from baseline in LDL cholesterol between the pravastatin and usual care group was 15% for blacks and 17% for non-blacks at years 2 and 4, and 14% in both blacks and nonblacks at year 6. and 29 mg/dL for non-blacks. As a result of the disproportionately greater cholesterol lowering in the non-blacks in the UC group, at 6 years the total cholesterol difference between the pravastatin and UC groups was 10% for blacks and 8% for non-blacks (Figure 3, A) .
The absolute differences from baseline in LDL in the pravastatin group were 32 mg/dL at year 2 to 42 mg/dL at year 6 in blacks and 36 mg/dL in year 2 to 49 mg/dL at year 6 in non-blacks. By year 6, blacks in the UC group had dropped their LDL cholesterol by 20 mg/dL compared to 28 mg/dL in non-blacks. The difference in the percentage change from baseline in LDL cholesterol between the pravastatin and UC group was 15% for blacks and 17% for non-blacks at years 2 and 4, and 14% in both blacks and non-blacks at year 6 (Figure 3, B) .
Mean HDL cholesterol levels at baseline were about 52 mg/dL among blacks and about 45 mg/dL among nonblacks. In both blacks and non-blacks, HDL rose by about 1 to 2 mg/dL and the changes were similar in both the pravastatin and UC groups. TG at baseline was about 124 mg/dL among blacks and about 167 mg/dL among nonblacks. There was no clear pattern of change by race or treatment group (data not shown).
Blood pressure levels
Although SBP was the same (145 mm Hg) at baseline in blacks and non-blacks, DBP was about 1 mm Hg higher in blacks (85 mm Hg) compared to non-blacks (84 mm Hg). As in the ALLHAT antihypertensive trial overall population, 6 compared to non-blacks, blacks had consistently about 3 mm Hg higher SBP and 2 mm Hg higher DBP throughout the lipid-lowering trial. In non-blacks, SBP declined equally in the pravastatin and UC groups to 133 mm Hg. DBP in non-blacks was also similar at all points, with the exception of year 6, at which point the UC group DBP was about 1 mm Hg higher than in the pravastatin group (74 vs 73 mm Hg). In contrast, in blacks, SBP was 2 to 3 mm Hg higher in the pravastatin group compared to the UC group at years 2 and 4, although by year 6 SBP was similar (137 mm Hg). In blacks, DBP differences between the treatment groups were b1 mm Hg at all time points (77 mm Hg at year 6).
Multivariable modeling of CHD incidence
We examined multivariable models for CHD incidence adjusting for age, race, sex, aspirin use, previous history of CHD, history of diabetes, treatment for hypertension at baseline, baseline SBP and DBP, baseline total cholesterol and HDL cholesterol, antihypertensive treatment group assignment, and lipid treatment group assignment. All of these variables were significant predictors of CHD except race, aspirin use, lipid treatment group, and antihypertensive treatment group (last 2 columns of Table II) . We additionally examined all 2-way interactions and biologically plausible 3-way interactions; none was significant except for the interaction between race and intervention group (P = .02). Therefore, we examined models stratified by black versus non-black race. In both blacks and non-blacks, age, male sex, a previous history of CHD, diabetes, and baseline BP were predictors of CHD (Table II) . However, only in blacks was randomization to the pravastatin treatment arm associated with a lower risk of CHD (HR 0.71, 95% CI 0.57-0.90, P = .005). Because there was substantial missing data on fasting TG, including it in the multivariable model would have excluded nearly 1,500 participants. Therefore, we conducted analyses including in the model both fasting and nonfasting baseline TG measurements. TG level was not a significant predictor of CHD, and the results were otherwise nearly identical.
We next examined stratified models that adjusted for changes in total cholesterol, SBP, and DBP during followup. In blacks, randomization to the pravastatin treatment arm remained associated with a lower risk of CHD (HR 0.65, 95% CI 0.45-0.96, P = .03); whereas non-blacks had no benefit (HR 1.07, 95% CI 0.81-1.41, P = .65). In these models the other covariates had generally similar associations with CHD as in the models not adjusted for on-trial BP and cholesterol changes (data not shown).
Discussion
Our results show that black ALLHAT-LLT participants randomized to a lipid-lowering intervention with pravastatin had a statistically significant 27% lower risk of incident CHD events compared to UC. These results differed from the results in non-black participants. We have shown that these findings are not due to confounding from other measured CHD risk factors. Adjustments for cholesterol measurements and BP during follow-up also did not affect our results, suggesting that they were not primarily caused by the small treatment-associated differences in cholesterol lowering and BP between black and non-black subgroups, or by fewer black participants in the UC group starting open-label statins.
Unlike most other statin trials, ALLHAT-LLT did not show a significant lowering of CHD, stroke, or total mortality. This has been attributed to the modest difference in cholesterol lowering between the intervention and UC groups (10%), which was less than half of the average for other long-term statin trials. 1, 2 In other primary and secondary prevention trials that used pravastatin, LDL cholesterol was generally lowered by 20% to 30% in the active treatment group compared to placebo. [7] [8] [9] [10] These trials each found a 20% to 30% relative reduction in the risk of the composite end point of fatal CHD and nonfatal MI, and some also found a reduction in CVD death 7 and total mortality. 9 Thus, ALLHAT-LLT lacked the power to demonstrate the expected reductions in CHD and mortality. We did not find any non-race subgroups that differed from the overall results, which is also consistent with the results of other trials. 1 However, most other statin trials have enrolled few blacks and did not have sufficient power to examine treatment effects in race subgroups. In the JUPITER study, which had 2,224 black participants, there was no difference in the primary end point comparing non-Hispanic white to all other participants, but results specifically in the black participants have not been published. 11 Thus, our findings cannot be corroborated by the large and otherwise diverse population of subjects in previous studies.
Previous studies have not shown differences in the pharmacokinetic and cholesterol-lowering response to statins between blacks and whites. [12] [13] [14] Recently, the genetic ancillary study to ALLHAT (GenHAT) investigated the interaction of pravastatin treatment with a polymorphism in genes regulating homocysteine metabolism, methylenetetrahydrofolate reductase (MTHFR) and cystathionine-β-synthetase (CBS), on CHD outcomes. 15 The CC variant for the MTHFR 677 CNT genotype was found in 77% of black ALLHAT-LLT participants but only in 43% of non-black participants. Participants with the CC variant had a significant protective effect of pravastatin against CHD (HR 0.71, 95% CI 0.58-0.87). Participants with the CT variant (HR 1.25, 95% CI 0.97-1.61) and TT variant (HR 0.80, 95% CI 0.50-1.28) did not have statistically significant protective effects of pravastatin against CHD (interaction HR P = .004). The CBS 844ins68 I+ variant was found in 44% black but only 16% non-black participants. The II and ID genotypes were associated with significantly reduced risk of CHD in those treated with pravastatin (HR 0.58, 95% CI 0.44-0.78), whereas the DD genotype showed no effect of statin therapy (1.01, 0.84-1.20, P for gene-treatment interaction .002). A higher prevalence in blacks of the CC variant of the MTHFR 667 CNT and CBS 844ins68 I+ genotypes was also seen in the CARDIA study. 16 Although these genotypes have not been consistently associated with homocysteine levels and CHD risk in previous studies, [17] [18] [19] [20] [21] and the mechanism of greater protection from CHD with pravastatin in ALLHAT participants with these genotypes remains to be investigated, these intriguing findings offer an avenue for further pharmacogenetic exploration of the race-treatment interaction we observed.
There are some limitations to the interpretation of these results that deserve mention. First, we examined a large number of interactions, and it is possible that chance could explain our findings. Furthermore, only a small subsample of ALLHAT-LLT participants had LDL cholesterol measurements; therefore, we were not able to do time-dependent analyses using LDL cholesterol as a covariate.
In the context of the modest cholesterol differences between treatment groups observed in ALLHAT-LLT, the results are consistent with evidence from other large trials that statins prevent CHD. ALLHAT-LLT enrolled the largest number of blacks in any lipid-lowering trial. We conclude that statins are effective for prevention of CHD in blacks. Although the proportion of blacks who are being treated for hypercholesterolemia according to current guidelines is improving, racial disparities in treatment and cholesterol lowering remain. [22] [23] [24] These findings from the ALLHAT-LLT and GenHAT lend further support for the need to intensify efforts to eliminate these disparities.
